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(54) Apparatus and method for setting a data rate in a wireless communication system 



(57) An apparatus and method for setting a transfer 
rate of Information units in a variable data-rate transmis- 
sion scheme for a wireless communication system is 
disclosed. For that, a total counter for counting a total 
number of received information units, an error counter 
for counting an error number of received invalid informa- 
tion units, a division unit for dividing the error number by 
the total number, and a decision unit for setting a trans- 
mission-rate parameter are utilizable. The division result 
is providable as a link-quality measure at an output of 
the division unit. This link-quality measure is compara- 
ble with at least one predefined value depending on the 
result of which, the transmission -rate parameter is seta- 
ble. 
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Description 

TECHNICAL FIELD 

5 [0001] "me present Invention is related to an apparatus and method for setting a transmission-rate parameter in a 
wireless communication system. More particulariy the invention relates to wireless infrared communication systems 
using variable data rates. 

BACKGROUND OF THE INVENTION 

10 

[0002] Many devices and most mobile computers today are equipped with wireless facilities for communication 
links. In order to guarantee for a reliable link, the quality of such a fink needs to be observed. Several techniques for 
quality monitoring or estimating are known. 

[0003] US Patent No, 5 151 902 describes a method for quality monitoring of at least two series connected trans- 
is mission sections in a digital signal transmission link for digital equipment confomriing to the synchronous digital hierar- 
chy. En-or message bytes in which parity errors are accumulated are transmitted in the section overtiead of 
synchronous transport modules as special bytes for the accumulation of parity en-ore in successive transmission sec- 
tions. A quality criterion for the monitored transmission link is acquired from a sequence of error message bytes. 
[0004] The application EP 0 405 348 A2 discloses an apparatus for estimating communication link quality, wherein 
20 a communication link quality estimator is described and for a link a M-ary modulation scheme is employed. The link 
quality estimator is employed at the receiver, which includes a M-ary decoder responsive to received M-ary symbol 
channel bits for decoding the M-ary symbol into a set of M-ary decoded bits. The link quality estimator includes a time 
delay circuit for providing a version of the received channel bit M-ary symbol delayed in time by one symbol period. The 
link quality estimator converts the set of M-ary decoded bits into an auxiliary M-ary channel bit symbol representation 
25 in accordance with the M-ary modulation scheme, and compares on a bit-by-bit basis the delayed version of the 
received channel bit symbol and the auxiliary symbol representation. Detected errors are counted and averaged over a 
fixed block length to provide a bit error rate estimator. 

[0005] In the application WO 98/38763 A1 is disclosed a system for an adaptive rate voice system. This adaptive 
rate system determines voice/channel coding rates, coding strategies and modulation/demodulation for voice quality 

30 and intelligibility. A system state estimator, channel status estimator, and channel status monitor provide feedback in 
ihe system. That means that a separate feedback channel exists between an adaptive transmitter and receiver. Only if 
the channel statistics have changed significantly, the channel status monitor computes a new set of critteal operating 
parametere for the system. The system state estimator evaluates a system state indicator S(i) and if that indicator is 
valid, the critical operating parameters are compared to the previous one, Aftenwards, a measure of speech quality is 

35 determined. The application describes a software Implementation which is not suitable for a fast harxlware implemen- 
tation, since complex operations are necessary which lead to a considerable circuitry. 

[0006] It Is further known, that the transmission power in a wireless communication system can be controlled or 

adapted to improve the link quality, or that a link-quality depending modulation scheme can be utilized. 

[0007] Although the present invention is applicable in a variety of communication finks it will be described with the 

40 focus put on infrared links. 

[0008] This patent application is related to the PCT Patent Application with International Publication Number: WO 
97/25788. entitled "Robust method and apparatus enabling multi-mode wireless optical communication", filed on 3 Jan- 
uary 1996, presently assigned to the assignee of the instant application and the disclosure of which is incorporated 
herein by reference. An optical communication system enabling communication between several co-existing transmit- 

45 ting and receiving stations is disclosed in this PCT Patent Application. In order to allow communication between the co- 
existing stations, a robust physical layer header is employed which can be understood by all participating stations. Infor- 
mation can be exchanged to allow negotiation and/or adaptation of the data rate used for transmission. 
[0009] According to the Infrared Data Association (IrDA) recommendations for an Advanced Infrared standard, also 
abbreviated to Air standard, a parameter is proposed that allows estimating the quality of a link. This parameter should 

so give an indication of the quality of a link between a source and destination device, also referred to as transmitter and 
receiver. The physical layer design for an Air system uses power-efficient L-slot Pulse Position Modulation (L-PPM) in 
conjunction with an adaptive variable data-rate transmission scheme. In a pulse position modulated signal, a single 
pulse of r seconds duration is always positioned in one of the L time slots of each L-PPM symbol. The variable data- 
rate concept has been introduced to improve the signal-to-noise ratio (SNR) under hostile channel conditions. Repeti- 

55 tion coding is applied to reduce the rate and simultaneously provide a coding gain to maintain a sufficient bit-error rate 
in a noisy environment. Each L-PPM symbol is repeated RR times, where RR can be regarded as the rate-reduction 
factor. In the Air system, typical values for RR are 1 . 2, 4. 8, or 1 6. which correspond to the data rates 4, 2, 1 , 0.5, or 
0.25 Mb/s, respectively. Automatic adjustinent of the data rate according to tiie prevailing channel conditions is highly 
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desirable This calls for an adaptive control of the transmission data rate t>y measuring a channel link-quality estimate 
at the receiver, determining from this estimate the required rate-reduction factor for future transmissions, and feeding a 
recommended parameter RR value back to the transmitter. All necessary operations such as measunng the link quality 
and deriving the recommended RR factor have to be performed fast to keep the loop delay low. A simple implementa- 
5 tion is thus required, which eliminates the possibility to determine the link quality by measuring the signaWo-noise ratio 
(SNR) at the receiver's side. 

OBJECT OF THE INVENTION 

10 rool 01 It is an object of the present Invention to overcome the disadvantages of the prior art 

[001 1] it is another object of the present Invention to achieve a continuous communteation link despite changing 
conditions of the communication channel. ,■ ^ , 

[001 2] It is still another object of the present invention to provide an apparatus and method for acquiring a link-qual- 
ity measure in order to recommend a data rate for future transmissions in a wireless communication system. 

15 [001 3] It is a further object of the present invention to present an apparatus whteh is characterized by relatively low 
complexity and simple design. 

[001 41 it is still a further object of the present invention to Improve the evaluation of a quality-link measure without 
significant processing delays. 

30 SUMMARY AND ADV/ANTAGES OF THE INVENTION 

(001 5] The objects of the invention are achieved by the features of the enclosed claims. Various modifications and 
improvements are contained in the dependent claims. 

[00161 The underlying concept of the present invention concerns a dynamically cumulative acquisition scheme of a 
link-quality measure for setting a transmission-rate parameter and an implementation which is restncted to binary divi- 
sions by two Therefore, a hardware implementation with discrete logic can be presented, which is well-suited tor high- 
speed digital processing. An adaptive variable data-rate scheme for transmitting data in form of information units over 
a communication link can be improved considerably by thfe invention. Adaptive adjustment of the data rate is achieved 
bv estimating the channel link quality at the receiver side, deriving from this measure a recommended data rate for 
future data transmissions over the link, and feeding this infomiation back to the transmitter side. All necessary opera- 
tions such as determining the link quality and deriving a recommended rate-reduction factor can be performed as fast 
as required for high-speed digital processing. The present invention proposes a methodology for effteiently acquinng 
the link-quality measure based on properties of a monitored L-slot Pulse Position Modulation (L-PPM) information-unit 
sequence A suitable, easily measurable link-quality measure can be obtained by counting the number of invalid L-PPM 
infomiation units in a received information-unit sequence. Invalid infomnation units violate the redundant modulation for- 
mat of PPM which ensures that only a single pulse can be raised in one of the L-slots of each PPM symbol. 
[001 71 The principle of the cumulative acquisition scheme of the link-quality measure runs as follows. For a contig- 
uous sequence of information units carrying encoded binary intomnation received from the same transmitting station, 
the number of incoming infomiation units is counted with a total counter. In parallel, the number of detected invalid infor- 
mation units is counted with an errorcounter. Invalid information units are erroneously received infomiation units. A first 
evaluation of the link-quality measure is performed after a counted sequence length of Z'" information units, where m 
is an integer parameter that can be chosen arbitrarily but is preferably 8. Subsequently, the link-quality measure is eval- 
uated and updated after each 2""*" counted infomnation units, where r» = 0. 1 , 2, ... n^ax- If m = 8 is chosen, the first 
evaluation is executed when 256 information unrts are counted, the second evaluation and update are executed after 
512 counted information units, the third evaluation and update are executed after 1024 counted information units and 
so forth until a maximum number is reached. With each evaluation the accuracy of the link-quality measure is 
increased The evaluation of the link-quality measure is executed by a division unit that divides an error number obtain- 
able from the en-or counter by a total number obtainable form the total counter. Each division result represents the link- 
qualHy measure. This link-quality measure is then comparable within a decision unit with one or more predefined val- 
ues Depending on the result of the comparison, a data rate for future transmissions of infomiation units can be deter- 
mined and a transmission-rate parameter can be set. This transmission-rate parameter is then provided to a 
transmitting station Since the transmissfon-rate parameter was chosen based on the channel or link conditions, a reli- 
able link quality can be provided for future transmissions. Link-quality measure acquisition is stopped when the maxi- 
mum sequence length with n„ax is reached or when the transmission of infonnation units is terminated. In the latter 
case the last evaluated link-quality-measure value is considered valid. Owing to the chosen doubling of each consec- 
utive'information-unit counting period, the necessary division is restrtoted to a binary division by 2. which can simply be 
implemented, for example, by a shift register function. 

[001 8] In general, a calculation of the quality of a link is usually very complex since operations like adding, multiply- 
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ing, and dividing are involved. A software innplementation where the quality of a link is calculated by higher communi- 
cation protocol layers is relatively slow and thus not suitable for high-speed digital processing. On the other hand, a 
conventional hardware Implementation with binary operations leads to excessive gate count and high power consump- 
tion. Therefore, a simple evaluation process is required which does not cause excessive processor latency. 
5 [001 9] It is advantageous that the present invention eliminates the possibility to determine a link quality by measur- 
ing the signal-to-noise ratio, also abbreviated to SNR, at a receiver. 

[0020] The invention shows the advantage that no initial information or information about the data packet length are 
required. Since the operations, i.e. divisions, are restricted to a binary division by 2, a considerable simpfification of 
hardware circuitry and a reduction of the gate count can be achieved. The latter leads to a simple design that can be 

10 used for good-value manufacturing. 

[0021] If the link-quality measure and/or the transmission-rate parameter can be sequentially updated, then the 
advantage occurs that the data rate can be adapted according to the channel or link conditions which may change dur- 
ing the transmission. With an increasing total number of received information units, the link-quality measure can be 
derived iteratively. The link-quality measure can be computed after receiving a number of information units that are 

IS binary multiples of 2"*, preferably multiples of 256, which shows the advantage that with each evaluation the accuracy 
of the link-quality measure can be increased whereby a multiple of 2"* can be counted and processed easily. Any oper- 
ation that requires a division can thus be restricted to a binary division by two, which on the other hand is simply tmple- 
mentable in binary logic and thus in hardware. 

[0022] When the division is executable after each 2" * f counted information units, where n = 0. 1 , 2, ... n„^^J^ and f 
20 is a factor that can be chosen but is preferably 256. then the advantage occurs that an automatic shift operation corre- 
sponding to n can be applied. That means in general, that in a hardware implementation the divisions by 2 can be car- 
ried out by shifting the register contents n positions to the right, for example. 

[0023] If the error number is maintained between at least two subsequent updates or evaluations of the link-quality 
measure and thus is kept which means not reset, then the advantages occurs that a considerable gain in time can be 

25 achieved since the error counter is not reset to zero. 

[0024] When the division unit comprises storage cells with a shift control or shift facility, then conventional compo- 
nents can be used for an implementation whereas if the division unit comprises a multiplexer with a static logic, then a 
complex design on a single and small board or chip can be realized, which might be faster in processing as a realization 
with conventional components. 

30 [0025] It seems to be advantageous if the error counter, the total counter, the division unit, and the decision unit can 
be controlled by a control unit because this control unit provides a central interface to higher communication protocol 
layers. 

[0026] If the division unit comprises the error counter or if the division unit is also able to execute the function of the 
error counter, then the circuitry can be simplified whereby space can be saved which leads to a smaller design. Also, if 

35 the decision unit comprises at least one comparator and a derivation unit for deriving from at least one output of the 
comparator the transmission-rate parameter, then a simple and functional design of the units can be realized. 
[0027] When at least four predefined values are preloadabie thresholds which correspond to a data rate of 4. 2, 1 . 
0.5 or 0.25 Mb/s, respectively, then a reliable link can be achieved. Since the thresholds can be defined by experiments 
or experiences, the system and its link quality becomes more stable and reliable. The preloadabie thresholds corre- 

40 spond to -L' when a L-PPM (Pulse Position Modulation) is utilized. 

[0028] It is advantageous that the cumulative acquisition scheme can be used by an adaptive variable data-rate 
cystem for transmitting data over an infrared link because the system is compatible to other systems using a similar 
technique. 

[0029] When the information units can be encoded by Pulse Position Modulation (PPM), preferably by L-slot PPM 
4S (L-PPM), then each received invalid information unit, i.e. each erroneously received information unit, shows an illegal 
number of pulses which can be easily detected and counted. 

[0030] With the setting of the transmission-rate parameter, an appropriate transmission data rate can be recom- 
mended which means that the transmission data rate can be adapted according to the link-quality measure that reflects 
the present link conditions. If repetition coding is applied to reduce or increase the transmission data rate, the transmis- 
50 sion-rate parameter defines the number of repetitions. 

[0031] Although the invention is best implementable in hardware, a software implementation is possible which, for 
instance, could be useful for experiments. 

DESCRIPTION OF THE DRAWINGS 

55 

[0032] The invention is described in detail below with reference to the following schematic drawings. 

Fig. la shows the probability of receiving invalid information units as a function of the signal-to-noise ratio (SNR) 
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for4-PPM and 16-PPM. 

Rg.1b shows an expected average number of invalid Infomiation units in a received 4.PPM information-unit 

sequence of a fixed length L^^^ as a function of the signal-to-noise ratio (SNR) 
Rg- 2 shows a schematic illustration of a cumulative LQM acquisition scheme according to the present invention 
5 Rg. 3 shows a hardware implementation using discrete logic for the processing of the cumulative LQM acquisition 
scheme as indicated in Rg. 2. ^ « 

Rg. 4 shows a flowchart indicating executable processing steps within the LQM apparatus as described with ref - 
erence to Fig. 3. 

10 [0033] All the figures are for the sake of clarity not shown In real dimensions, nor are the relations between the 
dimensions shown In a realistic scale. uciween ine 

DESCRIPTION OF "mE PREFERRED EMBODIMENT 

i™Lr '^'^T"^ '° '""^ ^^^"^^ ^ ^^^^'"^ ^^«'"9 a trensmission-rate 

parameter RR according to the invention is described in more detail below. 

[0035] At first, some basics, in accordance with the present invention, are addressed. 
Wireless communication system: 

[0036] The physical layer of the wireless communication system, used in accordance with the present Invention 
uses an L-slot Pulse Posrtion Modulation, hereinafter abbreviated to L-PPM. In conjunction with an adaptive variable 
date-rate transmission scheme. It should be noted, that other modulations schemes can be used instead L-PPM is 
achieved by deftn.ng an information unit, also refen-ed to as symbol, of duration to and subsequently subdividing the 
mfonrna^on unrt ,nto a set of L. e.g. U 2. 4. 8. -1 6. equal time slots, also called 'chipj. In L-PPM schemes. onVSime 
slo orchip, per inforn^ation unit contains a pulse, which means a logical "one' or '1'. The other chips contain no pulse 
which means « OQ-cal zero" or ■Q-. If the base is defined as L=4. then the resulting modulation scheme Is calleS"a!; 
Pulse Posrtion Moduiat.on or 4-PPM. Because there are four unique positions within each 4-PPM infbmiatTorunit o^ 
independent infom,ation units exist in which only one chip is logically 'V while all other chips are logically 'O' whereby 
there are the following combinations: 1000. 0100. 0010, 0001 . These four infomiation units are the only jega infon^a^ 

To^V \T, " "P"^^"^ °' ^ Which are SpeSreb. 

00 01.10 11. Logical 1 represents a chip duration when a transmitter is emitting light, while logical "O" represents a 
Chip duration wrth no light emission. The variable data-rate transmission concept L been Introduced toTrJ^r^^eThe 

3S tl2u^n^H!^^° T^' R«P««»'o" <'0d'"9 be applied to reduce the rate and simulta- 

35 neously provide a coding gain to maintain a sufficient bit-error rate in a noisy environment. Each L-PPM infomiation unit 

l^^t lTT. "'T ""^ rate-reduction factor wrth which atransmission-iateTr^ete 

TLmnn oh!.l [ '"«"^/^"S'™s«'°"-^Automatic adjustment of the transmission-rate parameter RR- according to the 
prevailing channel conditions is desirable. ^ 

40 Receiver performance: 

J^^ of a channel is assessed by counting at a receiverthe number of invalid L-PPM infomiation units 

hat have been corrupted by noise. Owing to the redundant above-mentioned coding fomiat of PPM. a valid information 
T ^T^- 7^^"^ however, contain no or more than one pulse because noise may 

« either erase or create pulses. It should be mentioned that vafid information units are not necessarily correctly ra^^e^ 

the computation of an error-rate performance of the receiver in the presence of additive white Gaussian noise. The sig- 
nal-to-noise ratio, abbreviated to SNR. is defined as ^ 



so 
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SNR = 20 log, 0 



n 



- dB. 
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55 



inn: ^ ^ '^^'^^'^ ^"'^^ '""^ "'^"^^^ °' '^'^ signal, both measured 

at an input of a binary decision circuit of a receiver. Assuming that a received signal is sampled at the pulse peak that 

omrJSl^ ^ " '^I ^T- '^""^ ^"^P"^"'"- ""^^ "^'"'^ additive wh-.e Gaussian S the 

probability for making a false decision at every sampling instent can be derived to be 
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5 Where erf is the error function. The probability of detecting exactly Q pulses in an L-PPM Information unit is given by 

10 

[0038] With this expression, the probability of detecting an Invalid L-PPM Information unit can be evaluated to be 



P{SP}= £ P{Q), {4} 

15 0€ (SP) 

Where SP = {0, 2, 3, ... . L] defines the set of all non-PPM pulse search pattern. In the case of a 4-PPM system, the 
parameters are L = 4 and SP = {0, 2, 3. 4}. 

20 [0039] In Fig. 1a. the probability P{SP} that any invalid L-PPM symbol is received is shown as a function of SNR 
for a 4-PPM and a 16-PPM system. The derived function P{SP} versus SNR applies to additive Gaussian noise, which 
is representative of channel impairments due to slowly varying background light (shot noise) and thermal receiver noise 
(excessive link distance for a given data rate, optical path obstructions). Cyclostationary noise caused by high-fre- 
quency fluorescent background light as well as information-unit error bursts caused by data packets collisions may 

25 cause a different infonnation-unit error pattern. 

[0040] Automatic up or down switching between available data rates should occur whenever the probability of 
detecting an invalid L-PPM information unit or, equivaiently, the relative number of Invalid information units in the 
received sequence crosses an upper or lower threshold. The threshold values are derived so that data packets trans- 
mitted over a link are successfully received on average with a predefined packet success rate Cp. For an idealized 

30 receiver model and with no rate reduction (RR = 1 ), the probability of correctly receiving a data packet of a given length 
can be calculated to be 

Cp = (1-P.)"«'*'\ {5} 

35 where the exponent represents the number of pulses and N the number of bytes per data packet. From equations {1}, 
{2}, and {5}, the required SNR for achieving the desired packet success rate Cp can be derived to be 

40 



SNR = 20logio j^>/8erf*''|^2 -ijjdB 



[0041] The corresponding probability of detecting an invalid L-PPM information unit is given by equation {4} and 
represents the desired threshold value for RR = 1 . If a measured link quality is below this threshold, it can be guaran- 

45 teed that the desired packet success rate Cp is reached with no repetition coding. 

[0042] For example, a 4-PPM modulation format and a packet size of A/ = 2048 bytes is assumed. Furthermore, the 
packet success rate Cp should be 0.9. e.g. on average at least 90% of all transmitted packets should be correctly 
received. According to equation {6}, the required SNR value for achieving the prescribed packet success rate with no 
repetition coding (RR=:1) shall be at least 19. 11 dB. Fig. 1a indicates that the corresponding probability of detecting an 

so invalid 4-PPM infomiation unit is lower than 5*1 0"®. 

[0043] If the error rate is higher than the found threshold value, the user data rate can repetitively be reduced by a 
factor of 2 until the demanded packet success rate is reached. At each reduction step, repetition coding provides a cod- 
ing gain of 3 dB. Therefore, a 3 dB lower SNR is required after each reduction step to achieve the same packet success 
rate. For instance, to receive 90% of ail transmitted packets correctly, the required SNR values are given by 19.1 1, 

55 16.1 1, 13.1 1. and 10.1 1 dB for an applied rate reduction of RR = 1, 2. 4. 8. and 16, respectively The corresponding 
probabilities of detecting an invalid 4-PPM information unit can be determined from Rg. 1 a and represent the thresholds 
for switching between the available data rates. 

[0044] To provide a meaningful measurement result for reliably switching between the data rates, at least a small 
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10 



number of invalid L-PPM information units have to be present in the received infomiation-unrt sequence 

S.Tr^L..nt?Jf"QirVw"^ ^''^T^'' ^^'^^^ °' '"^^ infomiation units, also referred to as average symbol 

em)r count (0 SEC), in a received 4-PPM infomiation-unlt sequence of a fixed length as a function of th?rNR 
-nie chosen sequence lengths are listed in Table 1 together with additional details on fte .Quired number ofdat^ pac^: 

channel condittons the average symbol error count (0 SEC) increases proportionally with the length of ?,e mon7 
tored symbol- orinfomfiation-unit sequence. «-seq o'me moni- 

[0046] The following Table 1 shows the required numbers of data packets fbr various rate-rBduction factors RR to 
reach a prescnbed 4-PPM information-unit sequence length whereby l packet contains 



Table 1 



15 



20 



^seq 


RR = 1 


RR=2 


RR=4 


RR=8 


RR=16 


Binary counter 


65536 


8 packets 


4 packets 


2 packets 


1 packet 




16 bit 


131072 


1 6 packets 


8 packets 


4 packets 


2 packets 


1 packet 


17 bit 


262144 


32 packets 


16 packets 


8 packets 


4 packets 


2 packets 


18 bit 


524288 


64 packets 


32 packets 


16 packets 


8 packets 


4 packets 


19 bit 
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^^J] .K . f information-unit sequence transmitted over an Air (Advanced Infrared) link is given by a data 

Tnf^i Jnon'r^ ""^ ^ ^ ^ 32 bitL and is. for examp e. exchanged be^een 

Tn^mlTr^ fh^r,' As the robust header infomiation controls the operation of the prS 

and moden.. these frames are always transmitted at the lowest user data rate (RR = 16). Therefore, a minimurn^nS. 
of mo'rrh: transmission of 256 4.PPM encoded infomiation units over the link. In this case.7e3S 

sZ i « '"f"^"^^"""-""" e^o^Pe^ packet at the receiver is only likely if the SNR is less than 16 dB.^Zer 
SNRs. .nsuff-cent .nfomiation .s obtained for recommending RR = 1 or2. Nevertheless, the measured infom,ation unft- 
Z^Z ' ^ 0* > 2 after racelving a firat f ra^e f^mrlnown 

^ "^^''""'^ "y'^ber of 4.PPM infomiation units that can be transmitted in one burst over the link is given 
by the allowed maximum channel reservation time defined in the Air standard. It is set so that up to 126 da a paS 
rn„l?'Ti °' ^ transmitted at the basic rate (RR = i ) over the link ^ ' 

0049] When deterting only a single invalid 4-PPM infomiation unit within an obsen/ed sequence of a given length 
fsr^r/r^rT w T corresponding average packet success rate can be extracted from Rg. 1 a and equS 
{5). The result IS depicted in the following Table 2. onu c^juauon 

!2!^i°' . . Ill'f ""^ P^"^' ^""^^^ "^^^ '"^^ ""^^ °^ monitoring a single invalid Information unit in a 

received 4-PPM mfomiatlon-unit sequence of length for RR = i and data packets of size 2048 byiTs 

Table 2 



^seq 




65 536 


~ 85% 


131 072 


93% 


261 144 


96% 


524 288 


- 98% 



[0051] Fig. 1 b allows the decision thresholds for switching between the data rates to be determined for information- 
SievT'T "'J "T'^Jr^'' ' '"^'^^^^ ^°"ed lines the miniZmCu ed ^nr for 

S/ne h'.Zr.^"r ' ? T °' ^^'"^ ""'^ d°«ed lines and plotted curves 

define the thresholds for each sequence length investigated. When the number of detected invalid information unite in 
a sequence of received infomiation units of given length exceeds the coaesponding threshold v^e thT^riable rate 
Shan be reduced by a factor of 2 to maintain the required packet success rate C,. If the SNR is b^S^xi^eyaZ^£e6 

li^ n^Th . w"' '^''''^ ""^^ "^'^ '=^""°^ ''^ ^^^^^^ '"rther. Insufficient Tk qua Jfor 

achieving the requested packet success rate is detected when the link is operated at the lowest user data rate and the 
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number of invalid information units is greater than 0.38 x Lgeq. 

[0052] Several results have been established for an idealized infrared receh^er model. This model allows the com- 
putation of the probability of invalid L-PPM Infonmation units in a received information-unit sequence as a function of the 
link-quality measure defined by the SNR or the packet success rate Cp. In practice, this relationship also depends on 
5 the specific characteristics of the receiver components used and should thus be detenmined experimentally. Based on 
these measurement results, the decision thresholds are adjustable. 

Definition of iink-quaUty measure: 

10 [0053] A link-quality measure, hereafter also abbreviated to LQM, Is defined as the ratio of the number of observed 
Infonmation-untt errors, hereinafter abbreviated to SEC for symbol error count and also referred to as an error number, 
and a total number of monitored L-PPM information units given by the length, hereinafter abbreviated as Lggq, of a 
transmitted sequence, e.g. 

'-seq 



[0054] Continuously monitoring this ratio while receiving a sequence of L-PPM information units provides an esti- 
20 mate of the probability of detecting an invalid information unit P{SP} and thus represents a measure of the SNR present 
on the link. With an increasing number of information units received, the number of erroneously received information 
units also increases, improving the accuracy of the LOM estimate. In principle, the proposed cumulative LOM acquisi- 
tion scheme is capable of computing an estimate for any arbitrary number of monitored L-PPM information units. How- 
ever, to simplify a hardware implementation, it is proposed that LOM estimates be computed only after the receipt of 
25 2^" . n = 0, 1 , 2 n^ax* information units. The parameter n^ax set to 9 In the preferred emkx)diment. LOM esti- 
mates are thus obtained by 

30 

Where SEC{n) is the symbol- or infonmation-unit-error count monitored after the receipt of L 3^ ( n ) = 2 information 
units. In the preferred embodiment, a first LOAf estimate is taken after monitoring L^{0) = 256 information units. This 
minimum number of information units for computing the LQM estimate is provided after receiving a robust header. 

35 Moreover, it should be noted that the LQM estimates are always computed after receiving a number of information units 
that are binary multiples of 2", preferably multiples of 256. Therefore, the required division by L^(n) is in fact restricted 
to divisions by binary multiples of 2, which can be simply Implemented with a shift register in digital hardware. The 
parameter n can thus be regarded as the number of consecutive binary divisions (shift t>y n) required after computing 
LQM(O) and n^^^ as the maximum number of shifts. 

40 [0055] A hardware implementation of a cumulative LQM acquisition scheme, which is described in more detail with 
reference to Fig. 3, is based on a binary SEC counter, also referred to as en-or counter, and a binary L^eq counter, also 
referred to as total counter. Choosing a 16-bit error counter allows the use of a convenient 2-byte register for represent- 
ing the en-or number SEC. The maximum length of the monitored 4-PPM information-unit sequence is then Lseq ("max) 
= 1 31 072 with n^pax = 9, requiring a 1 7-bit Lseq counter. Note that a 1 6-bit error counter is sufficient if the maximum 

45 information-unit-en-or count is less than V6 L^ ("max)- With respect to a binary division operation, the binary represen- 
tation of LQM is defined as 

LOMbin = Xi52"^ + Xi^2"^ + X^^2'^ + X^^'^'^ + X„2"® + Xy^S'^ + Xg2*® + X82'^ 
50 + X72'''° + X62*" + x^Z'^^ + x^2^^ + X32*^* + x^2'^^ + x^2-^^ + Xo2 '^ . 



[0056] The binary coefficients x,- are stored in a 2-byte register having the format 
55 LQM^og = {Xi5 X ^4 X|3 x^2 -'^ii -^10 ^9 ^ 7 ^4 ^3 ^2 ^^ ^o)- 

[0057] Assuming a monitored information-unit sequence of length L^ = 131 072 and an idealized receiver model 
with a packet size of 2048 bytes, all coefficients x/, / = 0....,15 equal to zero indicate a packet success rate of Cp > 0.93 
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With no rate reduction (RR = 1 ). If all coefficients are x,. / = 0..... 1 5 equal to one. insufficient link quality at the highest 
rate reduction (RR = 1 6) is indicated. 

[00581 As an alternative implementation, the LQM can be represented with binary exponents ranging from -3 to - 
1 8; the maximum value of n is thus equal to 1 0. This modification enlarges the total counter L^eQ size from 1 7 to 1 8 bits 
while maintaining the LQM register LQM,^ width at 2 bytes. As a consequence, the maximumLOAf value is limited to 
0.2499, which no longer allows the indication of insufficient link quality for RR = 16, but which is still sufficient for indi- 
cating data rate switching between RR = 8 and 16, as can bee seen in Rg. lb. 

Acquisition of link-quality measure (LQM) 



[0059] Fig. 2 shows the principle of a cumulative LQM acquisition scheme. A contiguous sequence of data packets 
20, indicated by several x. is depicted over a time axis t For the contiguous sequence of data packets 20 received from 
the same transmitting station the number of incoming 4.PPM infonnation units carrying encoded binary information is 
counted as a total number L^ with a total counter. In parallel, the number of detected invalid 4-PPM information units 
or symbols is counted as an error number SEC with an en-or counter. At an initial moment or when ever the cumulative 
LQM acquisition shall begin, which can be the start of a robust header, the error number SEC and the total number L 
are reset to zero, as indicated in block 21 . Then, the cumulative LQM acquisitton starts. A first evaluation of the li^ 
quality measure, LQM(0\ as shown in block 22. is done after a counted sequence length of only 256 4-PPM information 
units, which by the way corresponds to the length of the robust header. A second evaluation of the link-quality measure 
LQM(^ ). as shown in block 23. is done after a counted sequence length of 51 2 4-PPM information units. In the hardware 
implementation, the division by two can be earned out by shifting the register contents one position to the right as indi- 
cated in block 23 by a -^r above the right-an-ow. The next evaluation, a third evaluation of the link-quality measure 
LQMiZ), as shown in block 24. Is done after a counted sequence length at this point of 1024 4-PPM information units 
The division by 4 can be implemented as a shift by 2. as indicated in block 24. A fourth evaluation of the link-quality 
measure. LQM(3Y as shown in block 25. is done after a counted sequence length of 2048 4-PPM information units 
which requires a shift by 3. Some times later, a fifth evaluation of the link-quality measure, LQM{4), as shown in block 
26, IS done after a counted sequence length of 4096 4-PPM infonnation units. The division by 1 6 is carried out by a shift 
by 4. For the sake of simplification, not alt evaluations over the time are depicted in Fig. 2. Generally LQM(n) is evalu- 
ated and updated after each 2"" * 256 counted 4-PPM information units, where n = 1 , 2, .... n^ax- 
[0060] Owing to the chosen doubling of each consecutive 4-PPM counting period! thTnecessary division is 
restricted to a binary division by 2, which is simply implementable with a shift register function, as shown in an imple- 
mentation depicted in Fig. 3. With each evaluation, the accuracy of the LQM is increased. The last evaluation of the link- 
quality measure. LQM{9), as shown in block 27 is here the tenth evaluation, whteh is done after a counted sequence 
length of 131072 4-PPM information units, which con-esponds to a shift by 9. Aften/vards the cumulative LQM acquisi- 
tion IS stopped. The robust header 4-PPM information units should be included in the counting process for every 
received frame. Therefore, the cumulative LQM acquisition runs over all consecutive robust header fields and data 
fields within a reservation period. There is no infonnation on the rate-reduction factor used or data-packet length 
required, except that they enable or disable the total counter and en^or counter. The cumulative LQM acquisition is 
stopped when the maximum sequence length with n^^ is reached or when data transmission is terminated. For exam- 
ple. If end of data transmission EOT is assumed at the moment tg, the last evaluated LQM value, which here Is LQM{3) 
at the moment ti is considered valid. 

[0061] Fig. 3 shows a LQM acquisition apparatus for acquiring a link-quality measure LQM and setting a transmis- 
sion-rate parameter RR* for future transmission of data. In general, data being encoded, received, and transmitted as 
infomiation units, also referred to as symbols as mentioned above. The apparatus comprises a 1 7-bit total counter 1 for 
counting a total number L^^ of received infonnation units lU. indicated as lU line in Fig. 3, and a 1 6-bit en-or counter 2 
for counting an error number SEC of received invalid information units ElU, indicated as ElU line. The apparatus com- 
pnses further a 25-bit shift register 3. hereinafter called division unit 3, connected via an le-bit register output 5 to a 
saturation logic 10. Each cell or digit of the en-or counter 2 is connected to the respective first 16 cells of the division 
unit 3. An overflow line, labeled with OF. is guided from the en-or counter 2 to an input B of the saturation logic 10 A 
ninth cell 6 of the division unit 3 is connected via a line, labeled with x^e. to an input A of the saturation logic 10 Also 
the apparatus comprises a decision unit 4. whereby this decision unit 4 has a first threshold-register 91 that is fed by a 
first^threshold line, labeled with RR\ a second threshold-register 92 that is fed by a second threshold line, labeled with 
RR , a third threshold-register 93 that is fed by a third threshold line, labeled with RR^ and a fourth threshold-register 
94 that IS fed by a fourth threshold line, labeled with RRf Via the threshold lines RR\ RR2. rr4, rrS ^ ^^^^ threshold- 
value THrr>i for RR>1, a second threshold-value THrr>2 for RR>2. a third threshold-value THn^^ for RR>4, and a 
fourth threshold-valu^ THrr^s RR>8 are provided to the respective threshold-registers 91. 92, 93. 94. These thresh- 
old-values THrr^i, THrr^2. '^Hrr>4, THrr^8 are predefined values and can be defined as described above. Further- 
more, the decision unit 4 comprises a first comparator 81 . a second comparator 82. a third comparator 83. and a fourth 
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comparator 84. The first threshold-register 91 has a connection to the first comparator 81 , the second threshold-register 
92 to the second comparator 82, the third threshold-register 93 to the third comparator 83, and the fourth threshold-reg- 
ister 94 to the fourth comparator 84, respecth/ely. At its input, each comparator 81 , 82, 83, 84, has a 16-bit width con- 
nection to the output of the saturation logic 1 0. At its output each comparator 81 , 82, 83, 84 is connected to a derivation 
5 unit 1 1 , also refen-ed to as mapping logic 1 1 . This mapping logic 1 1 is able to receive a first comparator-value Thr^, a 
second comparator-value Thrg, a third comparator-value Thrs, and a fourth comparator-value Thr4. The mapping logic 

1 1 denves form the comparator-values Thr^, Thr2, Thr^, Thr^ a recommended rate-reduction factor and outputs based 
thereon the transmission-rate parameter RR*. The transmission-rate parameter RR* is storeable in a 4-bit RR register 

12 and therewith provided for further processing. A control unit 7 controls the apparatus. For that, the control unit 7 is 
10 connected to the total counter 1 via a 1 7-bit line and to the total counter 1 and the error counter 2 by a Reset line, 

labeled with R, and a Hold line, labeled with H, respectively. The control unit 7 is also connected to the division unit 3 
by a Load SEC line, labeled with L SEC, and a Shift-right line, labeled with SR. The control unit 7 is able to receive a 
start signal, labeled with Start, and an end of transmission signal, labeled with EOT. A stop signal, labeled with Stop, 
on the other hand, can be sent from the control unit 7. These signals Start, Stop, or EOT are used to communicate with 
15 higher protocol levels, e.g. a MAC (Media Access ContnDl) protocol. Each threshold-register 91 , 92. 93, 94 is connected 
to the control unit 7 by a load threshold line, labeled with LTRH in Fig. 3. 

[0062] In the LQM acquisition apparatus, two binary counters 1 and 2 are used for counting the total number /.geq 
of con-ectly received information units lU and the error number SEC of erroneously received 4-PPM information units 
ElU. The latter is done by monitoring the information-unit clock provided by a variable-rate modem, that for the sake of 
20 clarity is not depicted in Fig. 3, and by counting the information units ElU marked invalkl. The 1 7-bit total counter 1 can 
be used for counting up to 131072 information units lU. The 16-bit error counter 2 indicates an overflow if the number 
of information-unit errors exceeds 65536. If this occurs an overflow signal can be sent to the saturation logic 10 via an 
overflow line, labeled with OF. 

[0063] In general, the apparatus works as follows. The register 3 together with the saturation logic 1 0 derives from 

25 the counter values of the total counter 1 and the error counter 2 a 16-btt link-quality measure LQM value. This link-qual- 
ity measure LQM value is then compared in each of the four 16-bit compiarators.81, 82, 83, 84 with the respective 
preloaded threshold-value THrr>i, THRFt,2. "rHRR>4, THrr^q. These threshold-values THrr>i, THrr>2, THrr>4, 
THpR^e are preloaded via the respective threshold lines RR"*, RR^. RR"*, RR® into the respective threshold-registers 91 , 
92, 93, 94 from which the respective comparator 81, 82, 83, 84 then toads the respective threshold-value THrr>v 

30 THpR>2, THrr>4, THrr>8 for the comparison with the Rnk-quaiity measure LQM value. The mapping logic 1 1 derives 
from the comparator outputs a recommended rate-reduction factor. From this the transmission-rate parameter RR* is 
set and stored in the 4-bit register 1 2. The Iterative computation of the link-quality measure LOM value from the number 
of valid infonnation units lU and invalid information units ElU is sequenced by the control unit 7. 
[0064] The control unit 7 is responsible for proper initialization and operation of the total counter 1 , the error counter 

35 2, the division unit 3, and the decision unit 4. A control algorithm for tiie control unit 7 is described with reference to Rg. 
4. The link-quality measure LQM acquisition mechanism starts when the first infonnation unit lU, e.g. of a robust 
header, is received. At this time, the appropriate threshold values THrr>i for RR > 1, THrr>2 for RR > 2, THrr>4 for 
RR > 4, and THrr^s for RR > 8 are loaded into the 1 6-blt threshold-registers 91 , 92, 93, 94, respectively. The total coun- 
ter 1 and the en-or counter 2 are reset to zero, and further a control parameter n is set to zero. From then on, the control 

40 unit 7 watches the count of the total number L^eq in the total counter 1 . When the count reaches 2® = 256, (e.g., at the 
end of the robust header), the control unit 7 instructs the division unit 3 to load the present count of the error number 
SEC into the upper 16 cells; the remaining 9 lower cells are filled with zeros, as Indicated with *0* in Fig 3. No shift 
instruction is issued by the control unrt 7 because the parameter n is 0. Then, n is set to 1 and, if the end of transmission 
EOT is not indicated to the control unit 7, information -unit counting continues until the total counter 1 reaches the value 

45 2^ = 512. The control unit 7 now instructs the division unit 3 to load the new count of the error number SEC into the 
upper cells and zeros in the lower cells of the division unit 3. Immediately after the load operation, the contents of the 
register of the division unit 3 is shifted to the right by n = 1. Then, the parameter n is increased by 1 and the procedure 
is repeated with n-2. The LQM acquisition mechanism terminates if the maximum number of information units lU has 
been received or if the end of transmission EOT is indicated to the control unit 7, In either case, the control unit 7 freezes 

50 the total counter 1 and error counter 2 and thus all other registers to their current values, and stops the LQM acquisition 
process. 

[0065] In the following some implementation details are explained in more detail. 

[0066] The division unit 3, that is provided as 25-bit shift register, can be implemented with storage cells and a shift 
facility or as a multiplexer implemented with static logic. Its task in the LQM acquisition apparatus is to load the 1 6-bit 
55 count of the error counter 2 into its upper cells and zeros into its lower cells when the control signal 'Load SEC is raised 
via the L SEC line, and divide the result by 2", n = 0,..., n^^. The latter operation represents a binary division that can 
be implemented by shifting the register contents n times to the right. As the register is 25 ceils wide and the loaded 
count of the error number SEC \s represented by 16 bits, at most n^ax = ^ shift operations can be performed. 
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10067] After executing the appropriate shift operation, the coefficients x,, / = 0 15. used In the binary represen- 

tetion of link-quality measure LQM are stored in the 1 6 lower cells at the output 5 of the shift register of the division unit 
3. The representation covers the range 0<LQM< O.S. Unk-quallty measure LQM values insMe this range are obtained 
If the error number SEC of invalid information units ElU is less than 50% of the total number 1^ of received information 
units lU. In a very noisy environment it may happen that this percentage is exceeded. In this Sse. the LQM acquisition 
apparatus chooses the maximum rate-reduction parameter RR whereby a maximum transmission-rate parameter RR* 
is set This IS accomplished by saturating link-quality measure LQM to its maximum value (all 'V bit pattern) in case of 
a range overflow Such an overflow occurs either if the error counter 2 overflows or if the ninth cell 6 of the shift register 
of the division unit 3 is set to 1 . An implementation, for instance, of the saturation logic 1 0 with static-logic gates can be 
simply implemented by use of 16 OR gates, with three inputs. Each OR gate has an input A which is connected to the 
ninth cen 6 of the shift register of the division unit 3. an input B whteh is connected to the overflow OF of the error coun- 
ter 2, and a respective Input x,. which is connected to the respective cell of the 1 6-bit register output 5 (xq Xis) of the 
division unit 3. The 1 6-blt register output 5 represents here the link-quality measure, whteh is indicated with LQM at the 
output 5. The outputs of the OR gates (yo ... y,s) and therefore the 1 6-blt line of the saturation logte 1 0 is guided to each 
comparator 81 , 82. 83. 84. as i" eawi 

[0068] As mentioned above, four 16-bit comparators 81, 82. 83, 84 are used to compare the binary link-qualitv 
'^hT'^J'?^ "^'"^ threshold-values THrr,, . THrr^^. THrr^. THrr^s stored in the respective four 1 6 

bit threshold-registers 91. 92. 93. 94. Each content of the four threshoW-registers 91. 92. 93. 94 coirespond to an 
appropriate switching threshold for variable data rates. The threshold-values THrr,, . THrr^j, THrr^ THpp.« use the 
same binary representation as the link-quality measure LQM value and are downloadable from an^ntroller that for 
the simplicity is not depicted In Fig. 3. Each comparator 81, 82. 83. 84 outputs a 'V If the link-quality measure LQM 
value IS greater than or equal to the chosen threshold. A 16-bit comparator can be implemented with four 4-bit compa- 
rators. ^ 

[0069] The four 16-bit comparators 81. 82. 83. 84 output the respective comparator- values Thr.. Thro Thr. and 
Thr4, and indicate therewith the recommended data rate to be used for the transmission over the evaluated link' The 
following Table 3 shows five possible comparison results. The rate- reduction factor RR for 4-PPM, possible comparator- 
values Thr4. Thrg, Thr2, Thr^. and three digits of the transmission-rate parameter RR* ara listed in columns in the 
named order from left to right. 
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Rate Reduction 
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Thr2 


Thri 


RR3 
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1 


16 
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1 
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0 



[0070] The transmission-rate, parameter RR- is transfen-ed to a transmitting station, as indicated by the output 

r°r; . .I ^ °^ "^'^ "The encoding of the RR field is defined in 

the Air MAC protocol specification as a 4-bit fieW. The last significant brt, abbreviated as LSB, is always set to 1 as indi- 
cated by r in Fig. 3, and the higher order bits are defined as shown in Table 2. A static logic circuitry in the mapping 
ogic 1 1 maps the outputs of the comparators 81 , 82. 83, 84 to an appropriate RR format and the result is stored as the 
transmission-rate parameter RR* in the 4-bit RR register 12 for further processing 

[0071] FIG. 4 shows a flowchart indicating executable processing steps within the LQM apparatus as described 
with reference to FIG. 3. 

[0072] When the first information unit lU is received, the LQM acquisition mechanism is started. At this time the 
appropriate threshold-values THrr,,. THrr^^. THrr^. THrr^j are loaded into the 16-bit threshold-registers 91* 92 
93. 94. respectively, as indfcated in block 31 . As shown in the next steps, the total counter 1 and the error counter 2 are' 
reset to zero, block 32. and further a control parameter n. block 33. is set to zero. From then on. the control unit 7 as 
described with reference to Fig. 3. watches the count of the total number L,^ in the total counter 1. When the count 
reaches 2 = 256. block 34, the path indicated by Y that means -yes' or 'true' is taken and the control unit 7 instructs the 
division unit 3 to load the present count of the error number SEC into the upper 16 cells, as indicated in the following 
block 35; the remaining 9 lower cells are filled with zeros. No shift instruction is issued by the control unit 7 because the 
parameter n is 0. Then, n is set to 1 . block 38. and. if the end of transmission EOT. block 39. is not Indicated to the con- 
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trol unit 7 which here is indicated by N that means 'no' or false', Information-unit counting continues until the total coun- 
ter 1 reaches the value 2^ = 512, block 34 again . The control unit 7 now instructs the division unit 3 to load the new 
count of the error number SEC Into the upper cells and zeros in the lower ceils of the division unit 3, as indicated in 
block 35 again. Immediately after the load operation, the contents of the register of the division unit 3 is shifted to the 
right by n = 1 , as indicated in block 36. Then, the parameter n is increased by 1 . block 38, and the procedure is repeated 
with n = 2. The LQM acquisition mechanism temninates if the maximum number of information units lU has been 
received, i.e. here a total number 



is reached, whereby n is compared with in every cycle, as Indicated in block 37. If n = holds, the path indi- 
cated by Y wilt be taken and the LQM acquisition mechanism stops. The LQhA acquisition mechanism terminates as 
well if the end of transmission EOT. block 39, is indicated to the control unit 7. In either case, the control unit 7 freezes 
t5 the total counter 1 and error counter 2, as indicated in block 40, and thus all other registers to their current values, and 
stops the LQM acquisition process. 

[0073] The present invention can be realized in hardware, software, or a combination of hardware and software. 
Any kind of computer system or other apparatus adapted for carrying out the method described herein is suited. A typ- 
ical combination of hardware and software could be a general purpose computer system with a computer program that, 
20 when being loaded and executed, controls the computer system such that it canies out the method described herein. 
The present invention can also be embedded in a computer program product, which comprises all the features enabling 
the implementation of the method described herein, and which - when loaded in a computer system - is able to carry 
out this method. 

[0074] A computer program or computer program means in the present context mean any expression, in any lan- 
25 guage. code or notation, of a set of instructions intended to cause a device having an information processing capability 
to perform a particular function either directly or after either or both of the following a) conversion to another language, 
code or notation; b) reproduction in a different material form. 



Claims 

1 . An apparatus for setting a transmission-rate parameter (RR*) for transmission of information units (lU) in a wireless 
communication system, comprising: 

a total counter (1) for counting a total number (Z-seq) received information units (lU); 

an error counter (2) for counting an error number (SEC) of received invalid information units (ElU); 

a division unit (3) for dividing said error number (SEC) by said total number (L^^, the division result being 
providable as a link-quality measure (LQM) at an output (5) of said division unit (3); and 

a decision unit (4) for setting said transmission -rate parameter (RR*) by comparing said link-quality measure 
(LQM) with at least one predefined value (THrr>^, THrr>2» '^Hrr>4, THRR^^e) defining said transmission- 
rate parameter (RR*) to assume a corresponding data rate. 

45 2. Apparatus according to claim 1 , wherein the link-quality measure (LQM) and/or the transmission-rate parameter 
(RR*) are/is sequentially updatabie. 

3. Apparatus according to claim 1 , wherein the link-quality measure (LQM) is derivable iteratively increasing the total 
number (Lseq). preferably after 2" * / counted information units (lU), with n = 0. 1. 2, ... and f a defined factor, pref- 

50 erably/=256. 

4. Apparatus according to claim 3, wherein the division is executable at an multiple of factor f automatically by a shift 
operation corresponding to n. 

55 5. Apparatus according to claim 1 and 2, wherein the error number (SEC) is maintained between at least two subse- 
quent updates of the link-quality measure (LQM). 

6. Apparatus according to claim 1 , wherein the division unit (3) comprises storage celts (6) having a shift control, or 



12 



SNSOOCID: <EP 1 069721 A2J_> 



EP 1 069 721 A2 

comprises a multiplexer having a static logic. 

7. Apparatus of claim 1 further comprising a control unit (7) which controls the total counter (1). the error counter (2). 
the division unit (3), and the decision unit (4). 

5 

8. Apparatus according to claim 1 , wherein the division unit (3) comprises the error counter (2). 

9. Apparatus according to ciaim 1. wherein the decision unit (4) comprises at least one comparator (81, B2, 83, 84) 
and a derivation unit (1 1 ) for deriving from at least one output of said comparator (81 , 82, 83, 84) the transmission- 

10 rate parameter (RR*). 

10. Apparatus according to ciaim 1, wherein at least four predefined values (THpp|>^, TlHpf^g* ''^RR>4* ^RR>8) 
preloadable thresholds which correspond to a data rate of 4, 2, 1, 0.5 or 0.25 Mb/s, respectively. 

15 11 . An adaptive variable data-rate system for transmitting data over an Infrared link comprising an apparatus according 
to the preceding claims. 

12. A method for setting a transmission -rate parameter (RR*) for transmission of information units (lU) in a wireless 
communication system, comprising the steps of: 

20 

counting a total number (/-seq) received information units (lU); 

counting an error number (SEC) of received invalid information units (ElU): 

25 ' dividing said error number (SEC) by said total number (Z-seq) ^^d providing the division result as a link-quality 
measure (LOM); 

comparing said link-quality measure (LQM) with at least one predefined value (THqp^^, THrp^2* ^rr>4i 
THrfi>8): and 

30 

setting said transmission-rate parameter (RR^) depending on the result of the comparison. 

13. Method according to claim 12, wherein the link-quality measure (LQM) and/or the transmission-rate parameter 
(RR*) are/is sequentially updated. 

35 

14. Method according to claim 12, wherein the link-quality measure (LQM) is derived after receiving a number of infor- 
mation unit (lU) that are multiples of 2", with n = 0, 1 , 2, ... and preferably multiples of 256. 

15. Method according to claim 12, wherein the information units (lU) are encoded by Pulse Position Modulation (PPM), 
40 preferably by L-slot PPM (L-PPM). 

16. Method according to claim 1 2, wherein with the setting of the transmission- rate parameter (RR*) a data rate of infor- 
mation units (I U) is adapted to the link-quality measure (LQM). 

45 17. Method according to claim 1 6, wherein the data rate depends on a repetition of information units (lU). 

18. Method according to one of claims 12 to 17, being carried out by means of technical means, such as a computer 
program. 

50 19. Computer readable program code means for causing a computer to effect a determination of a link-quaiity measure 
(LQM) in order to set a transmission-rate parameter (RR*) for transmission of information units (lU) in a wireless 
communication system, comprising the steps of: 



55 



counting a total number (Lseq) received information units (lU); 
counting an error number (SEC) of received invalid information units (ElU); 

dividing said error number (SEC) by said total number (/.seq) aid providing the division result as a link-quality 
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comparing said nnk-quafrty measure {LQM) with at least one predefinecl value (THppi^^, *^rr>2* "^^RFb^* 
THrr^q); and 

5 

setting said transmission-rate parameter (RR*) depending on the result of the comparison. 
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